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Abstract 
Agriculture is one of the major economic sectors of Mongolia and the country's economy is very much 
dependent on the development of agricultural production. 
Agricultural sustainability has the highest priority in all countries, whether developed or developing. Remote 
Sensing and GIS technology are gaining importance as useful tools in sustainable agricultural management 
and development. Maps, photographs and satellite images were used to build an area-sampling frame in order 
to further improve the agricultural statistics system in Mongolia. 
This paper discusses the integrated use of Remote Sensing and GIS technology in particular cropland areas for 
sustainable agricultural development and management in Mongolia, with case examples. 
We were developed agricultural cadastral map and create the vector coverage of the study site, the vector field 
boundaries were built and digitized from the ground truth data using with ARCMAP software. In this study, 
maximum likelihood supervised classification was applied to Landsat TM and ETM images acquired in 1989 
and 2000, respectively, to map cropland area cover changes in the Selenge aimag of Mongolia. A supervised 
classification was carried out on the six reflective bands (bands 1-5 and band 7) for the two images 
individually with the &id of ground based agricultural monitoring data. Results were then tested using ground 
check data. 
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1.Introduction 
Agriculture is one of the major economic sectors of 
Mongolia and the country's economy is very much 
dependent on the development of agricultural 
production. From 1990s, Mongolia entered a period 
of transition from a central-based planned economy 
to a market economy. The change to a market-
oriented economy had also an impact on the natural 
resources and their management, not only due to 
privatizations, but also because of the strong land 
fragmentation as a result of the land distribution and 
increased urbanization. 
Mongolian agriculture had developed slowly. In the 
1950s, agriculture began to adopt its present 
structure and modem techniques, based in part on 
material and technical assistance from the Soviet 
Union and East European countries. Mongolia has 
also began rece1vmg large-scale agricultural 
assistance from the Soviet Union and other East 
European countries after Mongolia's 1962 entry into 
Comecon /an economic association of Communist 
countries, established in 1949, to facilitate trade and 
development/. In the late 1980s, several changes in 
governmental organization occurred to facilitate 
agricultural development. When Mongolia began to 
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report statistics on arable land in 1960, there were 
532,000 hectares of arable land, and sown crops 
covered 265,000 h~ctares of the 477,000 hectares of 
plough land. 
Land reclamation started in the late 1950s and the 
early 1960s, when 530,000 hectares were developed, 
and it continued throughout each five-year plan. 
During the Seventh Plan, 250,000 hectares were 
assimilated, and the Eighth Plan called for an 
additional 120,000 to 130,000 hectares to be 
reclaimed. 
Mechanization of the farm operations commenced 
on a large scale in the 1950s with the Soviet 
assistance. The Soviet Union provided most 
agricultural machines, as well as advice and 
expertise in mechanization. State farms were more 
highly mechanized than cooperatives. 
Mongolia's staple crops were wheat, barley, oats, 
potatoes, vegetables, hay, and silage crops. 
The objective of this study is to develop techniques 
for assessing and analyzing agricultural land cover 
land use in Selenge aimag of Mongolia, as a typical 
monitoring region through of the use of remotely 
sensed data and GIS. 
The availability of remotely sensed images and the 
advances m digital processing and analysis 
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techniques have enabled research scientists to have 
information about the type, condition, area 
estimation, and the modeling growth of agricultural 
crops and agricultural product. 
2. Study areas and data description 
The selected study area Selenge aimag is prime 
cropland region and located in the Northeastern part 
of the Mongolia, measuring approximately 
41,152.63 sq. km and covers mostly forest-steppe, 
steppe and is rich in chemozem soil. The geographic 
boundaries of the ·area are 49° 45' 0"-49° 75' O" N, 
106° 30' 0"-106° 50' O" E (Figurel). 
Figure 1. The study area 
Selenge aimag is produces 60 percent of grain of the 
country. The climate of the region is semi-arid and 
arid; and the mean annual precipitation is 250-301 
mm. 
The main crops being grown in this region are wheat, 
fodder crops, potato, and some vegetables. Except 
for wheat, all other crops are rain fed. The planting 
dates of wheat and fodder crops are mostly planted 
in from the mid of May to October period. For 
vegetables planting starts in the end of May and 
continues until the end of August and mid-
September. Almost all the crops present an 
important vegetative development· in the June-
August period. The wheat is harvested between 
September and early October. Vegetables are 
harvested gradually from late July to September. 
Landsat Thematic Mapper (TM) and Enhanced 
Thematic Mapper (ETM+) images (with 
path/row132/25-27, 133/25, and 131/26-27) 
acquired on 1989 and 2000, respectively. All images 
were cloud free and of good quality. 
3. Data pre-processing 
Data processing and analysis operations were carried 
out using ENVI 4.3 and PCI GEOMATICA Image 
Analysis software. 
The preliminary data processing was performed in 
this study using development of vector datasets. To 
create the vector coverage of the study site, the 
vector field boundaries were built and digitized from 
the ground truth data using with ARCMAP software. 
After that the each polygon points was theri 
registered to Geographic lat/Long (Zone-48 WGS84 
using) projection and the evenly distributed. The 
registration was based on first-degree polynomial 
and nearest neighbour resampling techniques. 
Each polygon was assigned a numeric code, owner's 
name, polygon measurement, geographical location 
and the crop types of the ground-visited fields were 
recorded as attribute information. The polygon 
topology was then created and the attribute database 
was liriked to the polygons to make polygon 
selection possible through a database query. This 
map was used to validation of classification result. 
4. The methodology 
The methodology is outlined in figure 2. 
Monitoring and mapping cropland area 
Figure2. Methodology 
All pre-processed scenes can be superimposed to 
form a "multivariate image set", which contains two 
types of information: spectro-temporal and spatio-
contextual. - The spectro-emporal information is 
extracted by the supervised classification, which 
results in a first raster: the per-pixel classification. 
The segmentation extracts the spatio-contextual 
information contents and creates a map (in raster or 
vector format) with the delineation of all uniform 
image zones (segments). In the best case, these 
segments should correspond with parcels on the 
ground. The post-classification per field filter 
combines both results, and creates a segment-based 
( or field-based) map with enhanced accuracy. In 
practice, the per-pixel classification was created with 
the Maximum Likelihood algorithm. 
Generally, land cover classifications with a limited 
number of broad categories (water body, forests, 
cropland, bare land ... ), the required training pixels 
can easily be defined and delineated by photo-
interpretation of the pre-processed imagery. 
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In this study using the Landsat geometrically 
corrected multispectral map, test areas, and 
containing different type of classes such as cropland 
area (wheat and fodder crops, vegetables), water 
body, forest, and open space area· (grassiand and 
bare land) in the Selenge aimag have been selected. 
For classification, we have used Landsat 5 TM and 
ETM data taken on August 1989 and September 
2000. 
Three TM bands (band 1, band 4 and band 5) have 
been used for the study area. Upon completing the 
classification, the integrated analysis of the 
classified images and the vector field data was 
carried out. 
After this operation, the reduced class trainings were 
used to mask out methodology. 
After completing the classification procedure, the 
classified outputs were combined to make a single 
classified image such as cropland area and unused 
area. 
To design the classification procedure, we analyzed 
· the producer's and user's accuracies of cropland area 
and unused area and determined those classes with 
high accuracy. The thresholds of approximately 82% 
and 77% were defined for producer's and user's 
accuracies respectively. 
The individual class accuracies and the producer's 
and user's accuracy were illustrated in an error 
matrix in Figure 5. The result of the masking 
classification is illustrated in figure 2 and figure 3. 
4. Results and Conclusion 
Supervised (ML) classification using six reflective 
bands of the images acquired on 1989 and on 2000, 
spectively was carried out using maximum 
likelihood classifier. Figures. 3 and 4 show the result 
of the classification. 
Figure3. Croplands use/cover classification map in 
Selenge aimag of Mongolia, using Landsat TM 1989. 
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The results at aggregated land cover land use change 
show that the type classes (Table 1 ). 
The classified areas change dynamics are the 
cropland area-1.64% and bare land-0.09% was 
expanded and forest area reduced 1. 7%. 
/by hectares/ 
- Cropland Water Open Forest 
body space 
TM5, 68944.84 480316.16 204437.15 112182.85 
1989 
ETM 81761.33 483575.88 206325.63 98472.64 
2000 
Change 12816.49 3259.72 1888.48 -13710.21 
LULC 
Table 1. Land cover classification result of the Landsat 
TM-1989 and ETM-2000 images 
To analyze this classification, the overall accuracy 
percentage, user's and producer's accuracy that 
provide the statistical evaluation of these accuracy 
values were calculated. 
Table 2 and 3 show the supervised classification 
accuracy results of the ETM and TM of agricultural 
land area of the Selenge aimag. 
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Table3. Supervised classification 
confusion matrices TM-1989 
User's 
accurac 
91.0% 
88.0% 
Privatisations of agricultural land have changed 
agricultural production considerably. Changes in the 
intensity of use, functioning of cropland fragmentation 
should be considered when analyzing changes at the 
level of land-use. However, these factors cannot be 
measured with remote sensing. Combination of the 
present study results. with socio-economic data may 
provide more conclusive evidence. 
Lanq.-cover/use changes do not always occur in a 
progressive or gradual manner, but they may show 
periods of rapid and abrupt change followed either by a 
quick recovery of ecosystems or a non-equilibrium 
trajectory (Lambin et al., 2001). In the present study 
only two years are available: 1989 describing the land-
cover/use situation under the· centralized government 
and 2000 in a market-oriented economy. The mid 
1990s are not represented but stand for· the moment in 
which the land was distributed to rural households and 
registration as private property took place. 
Considering the above-described limitations of remote 
sensing for analysis of land-cover/use dynamics, one 
· could state that the present results are more likely an 
underestimation of change than an overestimation. If 
more land-use aspects and information would be 
integrated into the study, the area subject to chclnge 
would be likely to be more extensive. 
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